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ABSTRACT
We present an analysis of DES17X1boj and DES16E2bjy, two peculiar transients
discovered by the Dark Energy Survey (DES). They exhibit nearly identical double-
peaked light curves which reach very different maximum luminosities (Mr = −15.4 and
Mr = −17.9, respectively). The light curve evolution of these events is highly atypical
and has not been reported before. The transients are found in different host environ-
ments: DES17X1boj was found near the nucleus of a spiral galaxy, while DES16E2bjy
is located in the outskirts of a passive red galaxy. Early photometric data is well fit-
ted with a blackbody and the resulting moderate photospheric expansion velocities
(1800 km/s for DES17X1boj and 4800 km/s for DES16E2bjy) suggest an explosive
or eruptive origin. Additionally, a feature identified as high-velocity CaII absorption
(v ≈ 9400km/s) in the near-peak spectrum of DES17X1boj may imply that it is a
supernova. While similar light curve evolution suggests a similar physical origin for
these two transients, we are not able to identify or characterise the progenitors.
Key words: supernovae: general — transients: supernovae
1 INTRODUCTION
Dedicated wide-field supernova (SN) surveys have discov-
ered large numbers of extragalactic transients over the last
decade. A large majority of them are traditional types of
SNe, including type Ia SNe produced in thermonuclear dis-
ruptions of white dwarfs and type II/Ibc originating in the
aftermath of the core-collapse of massive stars (& 8M, see
e.g. Filippenko 1997, Gal-Yam 2017 for reviews). However,
due to the increase in area, cadence and depth, these sur-
veys have also started to discover rarer types of events such
as the rapidly evolving transients (e.g. Drout et al. 2014;
Pursiainen et al. 2018), superluminous supernovae (SLSNe;
e.g. Quimby et al. 2011; see Howell 2017 for a review) and
Ca-rich transients (e.g. Perets et al. 2010), all of whose be-
haviour cannot be explained with the physical mechanisms
used for typical SNe.
© 2019 The Authors
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Figure 1. Host environments of DES17X1boj and DES16E2bjy. Transient locations are marked with red crosses and the assumed host
of DES16E2bjy is marked with green circle. The host of DES17X1boj is at z = 0.0338 and DES16E2bjy at z = 0.1305 For DES16E2bjy
we also show a zoom-in of the r-band image around the transient in the bottom-right corner, revealing the presence of light presumably
of the host galaxy at the location.
The Dark Energy Survey Supernova (DES-SN) Pro-
gramme has proven to be an excellent laboratory for dis-
covering unusual types of events with its deep (∼ 24 mag
per visit) multicolor griz photometry. It has, for example,
already probed the diversity of a sample of SLSNe (An-
gus et al. 2019) with objects up to z ≈ 2 (DES16C2nm;
Smith et al. 2018) and unveiled a sample of rapidly evolving
transients (Pursiainen et al. 2018). In this paper we present
two additional peculiar transients discovered by DES-SN,
DES17X1boj and DES16E2bjy, with highly atypical double-
peaked light curves nearly identical to each other.
Light curves exhibiting phases of rebrightening are not
uncommon amongst extragalactic transients. Type Ia SNe
have a characteristic secondary peak in the redder bands
due to Fe III recombination (Kasen 2006), and a fraction
of core-collapse SNe (CCSNe) and SLSNe also show similar
behaviour. For example, several type IIb SNe (e.g. SN1993J;
Wheeler et al. 1993), type Ic iPTF14gqr (De et al. 2018) and
several SLSNe (e.g. SN2006oz; Leloudas et al. 2012) all have
short precursory bumps often attributed to shock cooling in
extended material surrounding the SN. Additionally, several
type IIP SNe have shown shallow rising during their plateau
phase (e.g. SN2009N; Taka´ts et al. 2014). However, none of
these double-peaked SNe have similar light curves to the
DES-SN transients, as they have differences in the duration
and the strength of the two peaks.
Here we present an analysis of the photometric and
spectroscopic data for the DES-SN photometric twins,
DES17X1boj and DES16E2bjy. While they share nearly
identical light curve evolution, several other observable fea-
tures are clearly different. The transients differ by nearly
three magnitudes in brightness with DES17X1boj peaking
at Mr = −15.4 and DES16E2bjy reaching Mr = −17.9. They
are also found in different host environments. DES17X1boj’s
position is consistent with the nucleus of a star-forming spi-
ral galaxy, while DES16E2bjy appeared on the outskirts of
a passive galaxy, with the only common factor being a pres-
ence of old stellar populations in both environments. While
the high-velocity (9400 km/s) CaII absorption feature in the
spectrum of DES17X1boj and the photospheric expansion
velocity of DES16E2bjy (v ≈ 4800 km/s) strongly indicate
an explosive or eruptive origin for these transients, the exact
physical scenario remains unknown. Due to the several dif-
ferent observed features it is also entirely possible that the
transients do not share a similar origin, despite similar light
curve evolution.
In Section 2 we provide description of the observational
data used in this paper and in Sections 3 and 4 we present
the analysis of the transients and their host galaxies. Finally
in Section 5 we discuss the physical scenarios that could
explain the peculiar observed features of the transients and
summarise our findings. Throughout this paper we assume
a flat ΛCDM cosmology with ΩM = 0.3 and H0 = 70 km s−1
Mpc−1.
2 OBSERVATIONS
DES17X1boj was first detected using the DiffImg pipeline
(Kessler et al. 2015) at a signal-to-noise > 5 by DES-SN in
Dark Energy Camera (DECam; Flaugher et al., 2015) griz
images taken on 9th of October 2017 at α = 02h19m53.80s,
δ = −04◦57′10.4′′ (J2000) with a previous non-detection on
the 29th of September. It reached a maximum brightness of
mr = 20.52 (Mr = −15.35) on the 17th of October and was de-
tected for the last time on 13th of December the same year.
In the beginning of the light curve, DES17X1boj was identi-
fied as a potential candidate for a rapidly evolving transient
in a live selection of targets during year five of DES-SN,
where we visually inspected all new transients with rela-
MNRAS 000, 1–14 (2019)
DES17X1boj and DES16E2bjy 3
20 0 20 40 60
Phase (d)
16
15
14
13
12
11
10
M
DES17X1boj (z=0.03) 
g - 1
r 
i + 1
z + 2
19
20
21
22
23
24
25
m
20 0 20 40 60
Phase (d)
19
18
17
16
15
14
13
M
DES16E2bjy (z=0.13) 
g - 1
r 
i + 1
z + 2
20
21
22
23
24
25
26
m
Figure 2. Rest frame DES-SN g, r, i, z light curves of DES17X1boj and DES16E2bjy, with respect to maximum brightness in g band.
Photometric bands are offset for clarity. Downward-facing triangles represent upper limits. The phases of spectroscopic observations have
been marked with dashed vertical lines.
tively blue colors (g − r < 0.2). However, promptly after the
discovery it was reclassified as another type of peculiar ob-
ject due to the double-peaked light curve. DES17X1boj was
spectroscopically observed for 2400 s on the 22nd of October
as part of the OzDES programme (Yuan et al. 2015; Chil-
dress et al. 2017; Tucker et al. in prep) and the resulting data
was reduced based on the pipeline described in Yuan et al.
(2015). OzDES uses the 3.9 m Anglo-Australian Telescope
(AAT) in Australia with the AAOmega spectrograph and
2′′ with the 2dF robotic fibre positioner. However, as the
underlying galaxy is up to 1.0-1.5 magnitudes brighter than
the transient at peak brightness in all bands, the resulting
spectrum is dominated by host galaxy features. The host of
DES17X1boj was previously observed with the AAT under
the Galaxy and Mass Assembly (GAMA; Driver et al. 2009;
Baldry et al. 2018) programme for 7200 s in November 2010.
DES16E2bjy was recovered with an archival search for
transients that exhibited similar light curve evolution to
DES17X1boj that was performed after the end of DES-
SN operations (see Section 2.1). The transient was first
detected by DES-SN on the 21st of September 2016 at
α = 00h33m19.34s, δ = −44◦20′19.6′′ (J2000), with a pre-
vious non-detection on the 13th of September. It reached
maximum brightness of mr = 20.99 (Mr = −17.94) on the 4th
of October and was detected for the last time on the 17th of
December. DES16E2bjy was spectroscopically observed for
2400 s on the 5th of October by OzDES, and for 2800 s on the
7th of October 2016 with Robert Stobie Spectrograph (RSS;
Nordsieck et al. 2001) on 10 meter-class South African Large
Telescope (SALT) as it was a high probability candidate for
being a type Ia SN. The SALT spectrum was reduced us-
ing the PySALT1 pipeline (Crawford et al. 2010). All pre-
sented light curves have been corrected for the Milky Way
extinction using color excesses from Schlafly & Finkbeiner
(2011). Further details on DES-SN difference imaging pho-
tometry can be found in Kessler et al. (2015) and on DES-SN
spectroscopic follow up programs in D’Andrea et al. (2018).
1 http://pysalt.salt.ac.za/
The photometric properties are presented in Section 3.1 and
spectroscopic properties in Section 3.2.
The transient environments are presented in Fig-
ure 1, with stamps created using the optimised DES-SN
deep stacks (Wiseman et al., in prep). The location of
DES17X1boj is consistent with the nucleus of a spiral galaxy
(LEDA 1051269, Brouty et al. 2003) at z = 0.0338, while
DES16E2bjy appears to be associated with a red elliptical
galaxy at z = 0.1305 with a separation of ≈ 5′′ (11.6 kpc).
The host galaxy redshifts were obtained by the OzDES pro-
gramme and all presented absolute magnitudes have been
calculated based on them. The host galaxy properties are
discussed in Section 4.
2.1 Sample Selection
After DES17X1boj was discovered, an archival search was
performed on the full five years of DES-SN data to search for
transients with similar light curve evolution. For this pur-
pose we generated interpolated light curves of all ∼30000
DES-SN transients using Gaussian Processes (GP) with a
similar approach to Angus et al. (2019) and Inserra et al.
(2018). GP use the uncertainties of the flux measurements
to determine how strongly sequential data points are corre-
lated, and then interpolate the light curves based on a prede-
fined function (“kernel”) that defines how strongly the light
curve may vary in time. In this paper we use the squared
exponential model for the kernel with timescale of variation
which was determined using gradient based optimisation.
The light curves were created with 0.5 d cadence, so that
every GP epoch had a flux value in all four bands. Every
year and band was interpolated independently with the first
epoch being at the time of the first observation of the year re-
gardless of the band. The interpolation was performed with
the python package george (Ambikasaran et al. 2016). Us-
ing the GP light curves we performed a systematic search
for DES-SN transients with similar light curve evolution to
DES17X1boj. In detail, the GP light curves were used to es-
timate the peak times and brightnesses of each named DES-
MNRAS 000, 1–14 (2019)
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Figure 3. Light curves of DES16E2bjy and DES17X1boj, with respect to peak in g band, scaled by 2.5 magnitudes to match in maximum
brightness. Type Ia SN2011fe (Richmond & Smith 2012; Munari et al. 2013; Tsvetkov et al. 2013), SN impostor SN2009ip (during the
event in 2012; Fraser et al. 2013; Mauerhan et al. 2013; Pastorello et al. 2013; Brown et al. 2014), low-luminosity type IIP SN2016bkv
(Hosseinzadeh et al. 2018; Nakaoka et al. 2018) and triple-peaked transient event SNhunt248 (Kankare et al. 2015; Mauerhan et al. 2015),
proposed to be a Luminous Red Novae (LRN, Mauerhan et al. 2018), have been plotted for comparison. The light curves of literature
events were collected from The Open Supernova Catalog (Guillochon et al. 2016), apart from SN2011fe for which the light curve was
created based on BVRI light curves from the above sources which were K-corrected (Nugent et al. 2002) using a spectrophotometric
templates from Hsiao et al. (2007). Note that offsets have been added to literature events for visual clarity.
SN transient so that we could easily find events fulfilling our
search criteria.
We searched for all unclassified DES-SN transients for
which a secondary peak of a ‘boj-like’ transient would have
been seen (at least 24 mags). This requirement corresponds
to brightness of the primary peak of at least 22 mags. How-
ever, we also constrained the the total observable volume
by requiring the transient or its associated host galaxy to
have a redshift z ≤ 0.2. At this redshift the peak bright-
ness of a transient observed at 22 mag would correspond to
M = −18. With the given criteria, DES17X1boj (Mr = −15.4)
could have been recovered only up to z = 0.07. However, the
search was designed to maximise our chance of discovering
‘boj-like’ transients while also allowing them to be brighter
than DES17X1boj.
In total 225 DES-SN transients passed the criteria.
Light curves of these transients were visually inspected and
only DES16E2bjy was found to have a similar double-peaked
light curve evolution as DES17X1boj. Most of the other in-
spected transients had light curves similar to the traditional
SN types and the few remaining transients were found to be
spurious detections.
3 ANALYSIS
3.1 Photometric Properties
As shown in Figure 2, DES17X1boj and DES16E2bjy share
very similar light curve evolution. Both rise to maximum
brightness, as measured from photometry in g band, in
15 − 20 d and decline rapidly by 2 - 3 magnitudes in ∼ 20
d before plateauing and rising to the second peak-like fea-
ture. After the secondary peak both transients fade quickly
below the detection limit. However, despite very similar
light curves, the peak luminosities are very different: while
DES17X1boj is Mr = −15.4 at observed maximum bright-
ness, DES16E2bjy reaches Mr = −17.9. The presented light
curves have not been K-corrected due to unknown Spectral
Energy Distributions (SEDs) during the secondary peak.
However, we estimated the significance of K-correction at
maximum brightness based on blackbody fits to the pho-
tometry (see Appendix A). The correction for DES17X1boj
is less than 0.1 mag and for DES16E2bjy 0.2 to 0.3 mag so
that each band becomes fainter.
The similarity of the light curves is further emphasised
in Figure 3, where a scaling of 2.5 mags (factor of ten in
brightness) has been added to DES17X1boj to match the
peak luminosities. The scaled light curves are nearly iden-
tical with the only significant difference between the two
transients being the rise to maximum brightness which ap-
pears to be longer for DES16E2bjy especially in the bluer
bands. The rise also appears to have two phases; a fast rise
until ≈ 10 d before peak and a shallower, nearly linear rise
to maximum brightness.
We have also plotted light curves of both normal and
peculiar transients from the literature in Figure 3 to demon-
strate that the light curve evolution of DES17X1boj and
DES16E2bjy is highly atypical. The transients have been
selected as they evolve in similar timescales as the DES tran-
sients and show phases of rebrightening at similar epochs.
Type Ia SNe (here illustrated with SN2011fe) always have
a secondary peak but it is prominent only in the redder
bands, while DES17X1boj and DES16E2bjy exhibit a strong
secondary peak in all four optical bands. Additionally the
shape of the secondary peaks seen in i and z bands is very
different from the DES-SN transients. Some type IIP SNe,
such as SN2016bkv, show shallow rising during their plateau
phase, but on much longer timescales and without significant
changes in brightness. Even other peculiar transients with
several phases of rebrightening, such as impostor SN2009ip
(during the event in 2012) and Luminous Red Nova (LRN)
SNhunt248, do not show as extreme variation as seen in the
light curves of DES17X1boj and DES16E2bjy.
We performed blackbody fits to each epoch of the four-
band photometry for both of the transients and the fits are
shown in Appendix A, Figures A1 and A2, for DES17X1boj
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Figure 4. Observed g − r colour (top) with temperature (mid-
dle) and radius evolution (bottom) based on blackbody fits to
photometry. Errors for temperature and radius are given in 1σ
confidence. Reference curves for velocity and change of tempera-
ture have been added for clarity.
and DES16E2bjy respectively. The photometric data is well
described with a blackbody at least until ∼ 10 d after ini-
tial peak. At later times the blackbody fits are less con-
strained due to fading targets. The blackbody temperature
and radial evolution are shown in Figure 4 with the ob-
served g − r colour evolution. DES16E2bjy is clearly bluer
and therefore hotter in the beginning of the light curve, but
after roughly +10 d the transients share similar colour and
temperature evolution. However, while DES162E2bjy starts
with a high temperature of T ≈ 18000 K and quickly cools
down, the temperature of DES17X1boj increases slightly un-
til the peak brightness, reaching a temperature of ≈ 8000 K.
Afterwards the temperature gradually decreases and there
seems to be no evidence of significant colour evolution. On
the other hand, the radii of the transients evolve similarly
to each other. First the radius increases nearly linearly un-
til ≈ +10 d, after which the radius either stays constant
or decreases slightly. The photospheric expansion velocities
based on the blackbody fits up to +10 d are v ≈ 1800 km/s
for DES17X1boj and v ≈ 4800 km/s for DES16E2bjy. Based
on the sharp transition in the evolution of radii at roughly
+10 d, it is likely that SEDs are not described by blackbody
emission alone after this epoch (see Appendix A).
In Figure 5 we present pseudo-bolometric light curves of
DES17X1boj and DES16E2bjy constructed using the black-
body fits (see Appendix A). The double-peaked shape of
both light curves is clearly visible in the bolometric light
curves. Interestingly the two-phased rise of the initial peak
of DES16E2bjy seen in the griz light curves (see Figure 2)
appears to be slightly more pronounced in the bolometric
light curve.
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Figure 5. Pseudo-bolometric light curves of DES17X1boj and
DES16E2bjy. Light curves are constructed using the blackbody
fits and the shaded regions refer to 1σ and 2σ confidence levels.
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Figure 6. AAT spectrum of DES17X1boj, the host galaxy spec-
trum and the resulting host galaxy subtraction (lighter shade) and
the corresponding spectra binned by factor of five (darker shade).
The transient spectrum is taken a few days after the observed
peak brightness and holds a considerable amount of transient
light. The subtraction shows a blue continuum with blue-shifted
CaII absorption feature at 3830 A˚. The jump at 5600A˚ in the
subtraction is caused by a dichroic issue in the galaxy spectrum.
The red line is the best-fitting blackbody to the subtraction with
black dashed lines corresponding to the given 1σ errors on the
temperature. The orange circles are photometric gri data taken
within a few days of the spectrum.
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H and K absorption with the best-fitting blackbody presented
in Figure 6 (top) and the absorption feature with best-fitting
Gaussian profiles given in red. Lines were fixed to be at 3813 A˚
and 3846 A˚ (corresponding to ejecta velocity of v ≈ 9400 km/s).
Width of the lines was found to be vFWHM = 2500+1600−600 km/s. Note
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3.2 Spectroscopic properties
The AAT spectrum of DES17X1boj is presented in Figure
6, with the host galaxy spectrum and resulting host galaxy
subtraction. The spectrum was obtained four days after the
observed maximum brightness, but even at this epoch the
host galaxy was 1.0 − 1.5 mag brighter than the transient
in all bands and thus the spectrum was dominated by host
galaxy features. After the host galaxy subtraction, the spec-
trum shows a blue continuum best fit with a blackbody of
T = 9800+1000−700 K which is slightly higher than the temper-
ature based on the photometry (T ≈ 8000 K, see Figure
4). The only significant line feature clearly visible in the
subtraction is a relatively broad absorption at λ ≈ 3830 A˚
(measured at the middle of the absorption feature). This fea-
ture resembles blueshifted calcium H and K lines often seen
in various types of SNe (e.g. type Ia SN2011fe (Silverman
et al. 2015), type IIb SN2011dh (Arcavi et al. 2011) and
Ca-rich transient SN2005E (Perets et al. 2010)). Based on
the wavelength at the middle of the feature, the correspond-
ing ejecta velocity would be v ≈ 9400 km/s. The feature has
been plotted in Figure 7, where we also show the best-fitting
Gaussian absorption lines. The fitted Gaussian profiles were
forced to be at 3813 A˚ and 3846 A˚ (corresponding to ejecta
velocity of v = 9400 km/s) and to have a width that was
free to vary, but fixed to be the same for both lines. The
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Figure 8. Spectrum of DES17X1boj highlighting the excess
emission around the Hα line on top and the the Hα region of
DES17X1boj in comparison with type II SN2013ej around peak
brightness, 19 days after the explosion (Dhungana et al. 2016) on
bottom. Solid red line is the best-fitting blackbody presented in
Figure 6. Note that residuals of narrow lines left from the host
galaxy subtraction have been masked out. The darker shade rep-
resents the binned data as per Figure 6.
value was found to be vFWHM = 2500+1600−600 km/s. All given
errors were estimated using a Monte Carlo approach with
500 realisations and are shown in 1σ confidence. The high
velocity of this blueshifted CaII absorption could suggest
that DES17X1boj is a SN of some type.
In Figure 6 there seems to be small amount of ex-
cess emission above the plotted blackbody fit around 6600
A˚. To investigate this in detail, we show the spectrum of
DES17X1boj around the Hα line in Figure 8 in comparison
with type II SN2013ej 19 d after explosion (Dhungana et al.
2016, see also e.g. Valenti et al. 2014, Bose et al. 2015 and
Huang et al. 2015). This SN was selected as it has a similar
rise time to DES17X1boj in the r band and the spectrum
was taken at comparable epoch around the peak brightness.
There appears to be excess emission that slightly resembles
a broad Hα profile which would indicate that DES17X1boj
is a type II SN. While the similarity appears to be reason-
able, the high level of noise in the spectrum makes it difficult
to say anything definite about the feature.
The AAT and SALT spectra of DES16E2bjy, taken
shortly after peak brightness, are presented in Figure 9.
Neither of the spectra show other features than underlying
blue continuum which is best characterised with a black-
body. A blackbody fit to the AAT spectrum taken at +0.5
d after peak brightness in g band results in a temperature
of T = 18400+4500−5600 K, which is higher than that based on the
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Figure 9. AAT and SALT spectra of DES16E2bjy close to peak
brightness. The red line is the best-fitting blackbody to the spec-
tra with the black dashed lines corresponding to the given 1σ
errors on the temperature. and the orange circles are photometric
data points taken within few days of the corresponding spectrum.
Note that some strong residuals from sky subtraction have been
removed for visual clarity and there is a chip gap in the SALT
spectrum around 4400 A˚.
blackbody fits to photometry (T ≈ 12500 K, see Figure 4)
due to the high level of noise in the blue part. The SALT
spectrum at +2.7 d shows a blackbody with T = 11800+600−400
K, consistent with the value based on photometry. All pre-
sented spectra have been flux calibrated using the DES-SN
griz photometry of the transients at the date closest to the
epoch of spectra (the maximum difference being 3 days). For
DES17X1boj the aperture photometry of the host from the
DES Science Verification (SV; Bonnett et al. 2016; Rykoff
et al. 2016) data was also applied.
4 HOST GALAXY PROPERTIES
DES17X1boj and DES16E2bjy seem to have occurred in
different host environments (see Figure 1), and to further
demonstrate this we have plotted the host spectra in Fig-
ure 10. The host of DES17X1boj was observed with the
AAT under the GAMA programme with a 2′′ fibre, posi-
tioned at the centre of the host galaxy where the transient
also occurred. As DES16E2bjy was separated by 5′′ from
its host, we obtained the host spectrum at the core from the
long-slit transient spectrum observed with SALT. Based on
the Figure 10, it is clear that the hosts of these two tran-
sients are different: DES17X1boj happened in a star-forming
galaxy characterised by numerous strong nebular emissino
lines, while the host of DES16E2bjy is a passive galaxy with
no obvious signatures of recent star formation in the optical
spectrum (e.g. Hα, [OIII], [NII]).
To estimate the star-formation history (SFH) of the
hosts, we fit the spectra using the pPXF spectral fitting
code (Cappellari & Emsellem 2004; Cappellari 2012, 2017),
based on the stellar templates provided by the MILES em-
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Figure 10. Host spectra of DES17X1boj and DES16E2bjy. Some
common absorption and emission lines have been marked with
dashed lines.
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Figure 11. Star-formation history of the best-fitting models for
the two transient hosts. The host of DES16E2bjy is clearly older
with an average age of the stellar population of 7.6 Gyr and no
significant population younger than 1 Gyr. The average age in
DES17X1boj is 5.4 Gyr.
pirical stellar library (Vazdekis et al. 2010). pPXF simulta-
neously fits the continuum, stellar absorption features as well
as ionised gas emission lines, providing a more robust mea-
sure of the emission-line fluxes than a continuum subtraction
with a simple flat continuum. The resulting SFHs are pre-
sented in Figure 11. While the host of DES17X1boj consists
of younger stellar populations than the host of DES16E2bjy,
it still has a dominant population of older, smaller stars
which is the only clear similarity between the two hosts.
The presence of old populations can also be clearly seen in
the spectrum itself as the spectrum is reasonably red despite
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Figure 12. 5-year flux light curves of DES17X1boj (top) and DES16E2bjy (bottom). Neither of the transients show significant variation
outside the events themselves. A BPT diagram (Baldwin et al. 1981) created with SDSS data (Tremonti et al. 2004) has been plotted for
DES17X1boj. The host galaxy, plotted with red star, is located below the theoretical lines from Kewley et al. (2001) and Kauffmann et al.
(2003) and thus it is unlikely that the host harbours an AGN. Note that 3σ detections are plotted with filled markers and non-detections
with open markers and that errors are shown only for the detections.
the strong, ionised lines that require a young population of
stars (see Figure 10). The age of the young population can be
estimated withthe equivalent width W(Hα) = 19 A˚ that indi-
cates the average age of that population to be about 10 Myr
or older (see e.g. Kuncarayakti et al. 2016; Xiao et al. 2019).
The average age of the continuum stellar population based
on the pPFX fit is 5.4 Gyr for the host of DES17X1boj, while
for the host of DES16E2bjy it is 7.6 Gyr with no significant
population younger than 1 Gyr.
We fit the griz SEDs of the hosts with the CIGALE code
(Boquien et al. 2019) to determine the host galaxy masses.
We use the Bruzual and Charlot stellar population models
(Bruzual & Charlot 2003) with a Salpeter initial mass func-
tion (Salpeter 1955), and model the star-formation history as
delayed with an optional exponential burst. The host mass of
DES17X1boj was found to be log(M/M) = 9.76±0.16 while
for DES16E2bjy it is significantly higher with log(M/M) =
10.46 ± 0.06.
For the host of DES17X1boj we also use the flux mea-
surements from the Hα, [SII], and [NII] lines to calculate the
gas-phase metallicity (Dopita et al. 2016), which results in
a slightly subsolar value of 12 + log(O/H) = 8.51 ± 0.03. The
gas-phase metallicity for the host of DES16E2bjy can not
be estimated due to lack of host galaxy emission lines. We
estimated the Star-Formation Rate (SFR) for the host of
DES17X1boj within the 2′′ aperture to be 2.00 ± 0.03 · 10−2
M yr−1 based on the observed Hα flux using the formula of
Kennicutt (1998). Extrapolating this over the whole galaxy
results in SFR ∼ 3 M yr−1, corresponding to specific star-
formation rate log(sSFR) = −9.3. While the given values are
likely underestimated due to the central location of the aper-
ture, they demonstrates that the host is moderately star-
forming.
Apart from DES-SN optical photometry, the host
galaxy of DES16E2bjy has also been detected in the ul-
traviolet (UV) regime by The Galaxy Evolution Explorer
(GALEX; Martin et al. 2005) in both far UV (FUV, 1350-
1750 A˚ in observer frame) and near UV (NUV, and 1750-
2750 A˚). The UV magnitudes (FUV = 22.75 ± 0.07 and
NUV = 22.56 ± 0.05) correspond to colors FUV − r = 3.99
and NUV − r = 3.79 indicating that the host is rather bright
in UV for a such passive galaxy in the optical (see e.g.
Petty et al. 2013). Assuming that all the UV emission of
the galaxy comes from some residual star-formation still oc-
curring in the galaxy we find SFR = 0.14 M yr−1 (using
the formula from Kennicutt 1998) and corresponding spe-
cific star-formation rate of log(sSFR) = −11.3. While these
values demonstrate that some star-formation could still be
happening in the host, its level is fairly low.
As the location of DES17X1boj is consistent with the
nucleus of its host galaxy it is essential to verify if the host
harbours an Active Galactic Nucleus (AGN). In Figure 12
(top), we show that the 5-year DES-SN light curve of the
transient shows no significant variation that would be ex-
pected for an AGN. In the same Figure we also show the lo-
cation of emission line flux ratios for the host galaxy on the
Baldwin-Phillips-Terlevich (BPT) diagram (Baldwin et al.
1981), compared to data from SDSS (Tremonti et al. 2004)
and theoretical lines from Kewley et al. (2001) and Kauff-
mann et al. (2003). BPT diagrams use line ratios (in this
case [NII]λ5007/Hα and [OIII]λ6584/Hβ) to distinguish if the
line emitting region has been excited by star-formation or
an AGN. Based on the diagram we see that the host of
DES17X1boj is found below both of the theoretical lines,
indicating that the host does not appear to have an AGN
and thus the transient is unlikely to be an AGN flare. In
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Figure 12 (bottom) we also show that the 5-year light curve
of DES16E2bjy does not exhibit variation either.
Due to the reasonably large separation of the
DES16E2bjy and the centre of its assumed host galaxy (5′′),
it is possible that there is a small satellite galaxy in the vicin-
ity of the passive galaxy that is actually the host. However,
while something faint is present at the location of the tran-
sient in the DES-SN deep stacks (see Figure 1), its measured
colours match with the passive galaxy and thus it is likely
associated with the putative host due to its similar stellar
population.
5 DISCUSSION & CONCLUSIONS
In the sections above, we have presented our analysis
of the two peculiar DES-SN transients, DES17X1boj and
DES16E2bjy, and their host galaxies. Based on the rela-
tively fast photospheric expansion velocities (v ≈ 1800 km/s
for DES17X1boj and v ≈ 4800 km/s for DES16E2bjy, based
on the blackbody fits) the transients are likely to be either
explosive or eruptive in origin. Additionally, the blueshifted
CaII absorption feature identified in the near-peak spectrum
of DES17X1boj may imply that it is a SN. As the light curves
of the transients evolve very similarly, it is natural to assume
that DES17X1boj and DES16E2bjy are products of a simi-
lar evolutionary channel. However, the large difference in the
peak luminosities and photospheric expansion velocities are
difficult to describe under any single scenario. Thus, while in
the following we discuss scenarios that could explain the pe-
culiar observational features of both of them, we emphasise
that whether these two odd transients originate in similar
progenitors is still unclear.
The most striking photometric feature of DES17X1boj
and DES16E2bjy is their peculiar double-peaked light curve
evolution. Several CCSNe and SLSNe have been observed
to have precursory bumps often credited to a short-lived
shock cooling phase early in the light curve evolution and
in many of these cases the pre-bumps have actually been
as bright or brighter than the “normal” peak of the SN (see
e.g. SN1993J and iPTF14gqr; Wheeler et al. 1993; De et al.
2018). However, these pre-bump features typically last for
only . 10 d due to rapidly cooling/expanding material (see
e.g. DES14X3taz; Smith et al. 2016). The main peaks of the
two DES-SN events last for roughly 20 days during which the
photospheric radii are clearly increasing. If we assume that
these peaks are powered by shock cooling in extended mate-
rial, we need to explain why they last so long. One possibility
could be linked to the photospheric expansion velocities that
are not particularly high (v ≈ 1800 km/s for DES17X1boj
and v ≈ 4800 km/s for DES16E2bjy) and thus it is pos-
sible that extended material could stay optically thick for
such a long period of time to produce the main peaks of
the light curves. The secondary peak would then occur af-
ter the extended material has dissipated and an underlying
slow-rising CCSN would finally emerge. However, while the
secondary peak of DES16E2bjy was reasonable for CCSNe
at Mr ≈ −16, Mr ≈ −13.5 of DES17X1boj would be very faint.
The faintest known CCSN to date is the Type II SN 1999br
at M = −13.77 (Pastorello et al. 2004; Anderson et al. 2014).
Additionally, having a shock cooling pre-peak that is 2-3
mag brighter than the main SN would be peculiar. Unfortu-
nately both of the transients were too faint at the time of the
second peak for spectroscopic follow-up and thus we cannot
make spectroscopic comparisons at these later epochs.
Our data pose an additional challenge to the shock
cooling scenario. While the temperature evolution of
DES16E2bjy is rapidly declining from the first detection
(as expected for rapidly heated, expanding material, see
e.g. iPTF14gqr; De et al. 2018), the temperature of
DES17X1boj increases slightly up to the peak brightness.
Such an evolution can be explained with shock cooling only
if the temperature gradient of the shock heated material is
steep enough so that the decreasing opacity could allow us
to see deeper layers of the ejecta which are still (despite
adiabatic expansion) hotter than the outer layer of the pho-
tosphere was at the beginning of the light curve. Whether
such a configuration is physically feasible is unclear.
As the spectrum of DES17X1boj shows some broad ex-
cess emission around Hα line (see Figure 8), it is natural
to compare the DES transients with type II SNe, especially
given that there are some photometric similarities as well.
For instance, the peak brightnesses fit well within the dis-
tribution of type II SNe (−14 & M & −19, see e.g. Anderson
et al. 2014; Richardson et al. 2014), the majority of type
II SNe have plateaus after peak that in same cases show
shallow rising (see e.g. SN2009N; Taka´ts et al. 2014), and
both photometry and spectroscopy are well described with
a blackbody in the beginning of the light curve. Under this
scenario one would have to assume that the secondary peaks
of the DES events would then be plateaus seen in SNe II.
However, this is problematic due to the following reasons.
The light curves drop 2 mags in 15-20 days in r band (see
Figure 2) before the start of the secondary peak. Such a de-
cline rate is significantly faster than detected for type II SNe
(0.9 - 8.2 mag/100 d in V band; Anderson et al. 2014; Gutie´r-
rez et al. 2017). The“plateaus”, lasting for ≈ 20 d, would also
be on the short side of what would be expected of type IIs
(25 - 72 d in V band; Anderson et al. 2014). Additionally,
the duration of SN II plateaus appear to be correlated with
peak brightness so that a shorter plateau is associated with
a brighter peak magnitude (Anderson et al. 2014; Galbany
et al. 2016). Thus a short plateau would be unusual for faint
a transient such as DES17X1boj. Even if the spectrum of
DES17X1boj shows some broad excess around Hα, some of
the discussed photometric properties of the DES-SN tran-
sients do not cohere with observed type II SNe. Therefore, if
they actually were type II SNe they would have to be pecu-
liar, and given their apparent similarity to each other they
might be first examples of a strange kind of type II SNe.
Another interesting type of transient to compare
DES17X1boj and DES16E2bjy with are the SN impostors.
As shown in Figure 3, SN2009ip has a short phase of re-
brightening around the same phase as the secondary peak of
the DES-SN transients, and its peak brightness (MV = −17.7;
see e.g. Fraser et al. 2013) is similar to DES16E2bjy. How-
ever, several other features distinguish our double-peaked
DES-SN transients from the SN impostors. While SN2009ip
does show rebrightening, its light curve evolution is clearly
different from the DES transients. Additionally, other impos-
tor candidates such as SN2015bh (see e.g. Elias-Rosa et al.
2016) and SN2016bdu (Pastorello et al. 2018) have very sim-
ilar light curves with SN2009ip, but do not exhibit rebright-
ening. The impostors also exhibit strong, narrow hydrogen
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and helium lines around peak brightness (see e.g. Fraser
et al. 2013; Mauerhan et al. 2013; Pastorello et al. 2013). No
such features are seen in either of the DES transients (see
Figures 6 and 9), but it is possible that the lines are hidden
in the noise. Our photometric data also constrains the long
term variability of DES17X1boj to a level below what was
seen in SN2009ip (Pastorello et al. 2013) and SN2016bdu
(Pastorello et al. 2018) in the years before the brightest
event (MV in range -13 to -14). For the more distant event
DES16E2bjy, such outbursts would have been below our de-
tection threshold. Due to these reasons it is unlikely that
DES17X1boj and DES16E2bjy are similar events to SN im-
postors.
Luminous Red Novae (LRNe) exhibit long-term light
curve evolution often with several peaks like is the case for
SNhunt248 (e.g. Kankare et al. 2015) shown in Figure 3.
LRNe are also photometrically very inhomogeneous class of
transients and reach luminosities of MV & −15 (e.g. Pas-
torello et al. 2019) and therefore at least DES17X1boj could
be a member of this class. However, the evolution of LRN is
typically significantly slower than what is seen in the DES
transients and DES16E2bjy is approximately three magni-
tudes brighter than any classified LRNe. Additionally, LRNe
exhibit strong, narrow lines in their spectra throughout their
light curves (see e.g. Pastorello et al. 2019), not seen in the
spectra of the DES transients (see Figures 6 and 9). Thus
it is not likely that both DES17X1boj and DES16E2bjy are
LRNe.
One topic that could give us insight on the origin of
the DES-SN transients is where they occurred in their host
galaxies. The event location is one of the most constrain-
ing observational features about DES16E2bjy: it is found
in the outskirts of a passive galaxy. If this galaxy is truly
the host of DES16E2bjy it would disfavour scenarios re-
lated to progenitors with massive stars as only few CCSNe
have been associated with passive galaxies (e.g. Type II SNe
Abell399 11 19 0 and SN2016hil; Graham et al. 2012 and
Irani et al. 2019, respectively). This is almost contradictory
to the fact that the photometric and spectroscopic data ap-
pears to be well described with a blackbody, which typically
requires a significant amount of material that can be shock
heated and thus it is a feature often seen in CCSNe. There-
fore, we conclude one of the following must be true: either
there has been a small amount of recent star-formation in
the host galaxy leading to this peculiar transient, or this is a
new type of transient that originates in an environment with
old stellar populations. As discussed in Section 4, the UV−r
colors are higher than expected from from early type galax-
ies, potentially suggesting that residual star-formation is still
occurring in the galaxy (see e.g. Petty et al. 2013). Therefore,
it is not possible to conclusively determine if DES16E2bjy is
a product of an old stellar population. DES17X1boj, on the
other hand, is associated with a star-forming galaxy with a
non-negligible old stellar population, so the transient could
originate from either young or old stellar populations.
As DES16E2bjy appears to be associated with a passive
galaxy, one also has to consider a thermonuclear origin for it.
However, as seen in Figure 3, its light curve shape is com-
pletely different when compared with prototypical type Ia
SN2011fe, even if its absolute magnitude is loosely within the
Ia distribution (−18 & M & −20, see e.g. Richardson et al.
2014). Comparison with type Iax SNe, the largest class of
peculiar thermonuclear SNe also known as SN2002cx-like (Li
et al. 2003; Jha et al. 2006; Foley et al. 2013), yields a similar
result. While their peak magnitudes are lower than for “nor-
mal” type Ia SNe (−13 & M & −19, see e.g. Jha 2017), they
have no stronger secondary peaks powered by FeIII recom-
bination seen in type Ia SNe and therefore they are clearly
different than DES16E2bjy. Additionally, the color of SNe
Iax is significantly redder than for DES16E2bjy in the begin-
ning of the light curve (B − V & 0.0; Foley et al. 2013). Due
to the different light curve shapes and inconsistent colors, it
is unlikely that thermonuclear SN alone can be responsible
for DES16E2bjy and even less for DES17X1boj due to its
lower peak magnitude.
It is possible that the DES-SN transients are thermonu-
clear with addition of some other power source, for instance
interaction with circumstellar material (CSM). Under this
scenario the thermonuclear explosion cannot be a standard
type Ia SN as they are too bright, so it would have to be a
peculiar one such as type Iax. However, as these appear to
be too red in the beginning of the light curve, the interac-
tion would have to be such that it causes the beginning of
the light curve to be bluer and still produces the secondary
peak. Additionally, the CSM would have to be hydrogen-
poor as if there was interaction with hydrogen-rich material
at the time of peak brightness, we would expect to see ev-
idence of narrow Balmer lines in our spectrum (see Figure
9). This particular scenario sounds contrived and is thus
unlikely, but it is possible that some other power source in
addition to thermonuclear SNe could produce these peculiar
transients.
DES17X1boj occurred in a star-forming galaxy so it
is possible that at least some of the brightness difference
between the two transients could be explained by host galaxy
extinction. However, the blue bands (especially g) are bright
and persistent throughout the light curves (see Figure 2)
and the the blackbody fits are very good in the beginning of
the light curve (see Figure A1), neither of which would be
expected in case of strong extinction. Thus, while it is likely
that there is some extinction in the host galaxy, meaning
DES17X1boj is intrinsically bluer and brighter, it does not
seem probable that the difference in brightness between the
two transients is caused by that.
As both DES-SN events were found at relatively low
redshifts and as DES16E2bjy is reasonably bright at peak,
it is interesting that no transients with similar light curve
evolution have been identified in the literature, especially if
we want to assume that they are powered by same physical
mechanism. However, as the main characterising feature is
the faint, secondary peak seen in all four griz bands some of
these transients may have gone by unrecognised. This argu-
ment can be put in context with the example of Ca-rich tran-
sients described by absolute magnitudes of -15 to -16.5. Even
though the first such event was published nearly a decade
ago (SN2005E; Perets et al. 2010) their total number has
stayed low (∼10) even if their volumetric rate in local uni-
verse has been estimated to be significant fraction of the Ia
rate (& 10%; Perets et al. 2010; Frohmaier et al. 2018). This
demonstrates that even if transients such as DES17X1boj or
DES16E2bjy were relatively common, the faintness of the
secondary peak makes them difficult to separate from the
general SN population.
Here we have presented our analysis of the two pe-
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culiar double-peaked DES-SN transients, DES17X1boj and
DES16E2bjy. As discussed earlier in this section, any stan-
dard SN scenario creates more conflicts than it solves. While
early photometric and spectroscopic data would lean to-
wards an origin related to CCSNe, it is difficult to explain
why such a peculiar CCSN would be found in a passive
galaxy. While this conflict might convince one that these
transients must then be thermonuclear, their secondary
peaks cannot be produced via means of FeIII recombination
like is the case for thermonuclear SNe, making this scenario
contrived as well. It is also entirely possible that, despite
nearly identical light curves and the fact that no similar
transients are found in the literature, the events are not
physically similar to each other and are in fact produced via
different progenitor channels. More similar transients need
to be discovered to verify if they are truly similar, and if so,
what the progenitors are like.
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APPENDIX A: BLACKBODY FITS
The blackbody fits to the data of DES17X1boj and
DES16E2bjy are shown in Figures A1 and A2, respectively.
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Figure A1. Blackbody fits to photometry of DES17X1boj for every epoch with griz detections. Best-fitting temperatures and radii are
given with 1σ uncertainties.
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Figure A2. Blackbody fits to photometry of DES16E2bjy for every epoch with griz detections. Best-fitting temperatures and radii are
given with 1σ uncertainties.
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